Equivalent circuit of distribution cable unit length It is assumed that the parameters of transmission cable line are uniformly distributed, is the unit length resistance of the cable, is the unit length inductance, is the unit length capacitance, and the is the conductance per unit length.
Calculation of Equivalent Circuit Parameters of Distribution Cable.
For distribution cables, the formula for calculating the inductance per unit length is as follows:
Formula (1), k -coefficient, for parallel structural cables, k = 1.26; s-the distance between the center conductor (mm), r -conductor radius.
Through the formula (1) calculation, it is concluded that the inductance value of the cable line is in the range of 0.1~0.7mH/km, because the inductance value is small, it can be regarded as a short circuit in the calculation.
Considering the skin effect and proximity effect, active loss of AC current in conductors is greater than that of DC current, so the AC resistance in the cable is larger than the DC resistance, calculation formula of cable resistance is given below [5] .
(1 )
s y is the skin effect factor; p y is the proximity effect factor; dc R is the DC resistance of the conductor at a given temperature; ac R is the AC resistance of the conductor at a given temperature.
In formula (2), ｐ -resistivity; L -cable length (m): S -cross-sectional area of the cable core (mm²).
The formula to calculate the leakage capacitance on the shielding layer of cable can be expressed as [6] :
Using the formula (3), the calculation results show that the leakage capacitance of the cable is in the range of 0. 05~0.75 F, and the number of the cable to earth resistance is of magnitude of 109, can be regarded as open circuit.
Through the calculation of the equivalent circuit parameters of power distribution cables, considering the main harmonic number in distribution system is 2~50 times, when establishing the harmonic impedance model of distribution cable, we can ignore the ground resistance of the cable and the cable inductance [7] , while the leakage capacitance of the cable is taken as the main parameter. Gives the equivalent circuit of the cable impedance as shown in If the leakage capacity of the distribution cable is not considered, and the power supplied to power loading (inductive) by the cable, the impedance expression of the cable circuit in the fundamental wave is
In formula (5),
In the system, when there is n subharmonic, the reactance of the N harmonic is n l l
resistance is n l l R R  , the N harmonic impedance is expressed as [8] :
With the increase of the length of distribution cable, the value of leakage capacitance becomes larger, capacitive character of the line enhanced, so when calculating the cable system impedance model, the cable to ground leakage capacitance must be taken into account [9] . Figure 3 is the impedance model of the harmonic cable when considering the leakage capacitance. 
From formula (6) formula (7) can be drawn, under the influence of the leakage capacitance of the cable, the harmonic impedance of the system changes, when the parameters match, the parallel resonance will occur, so that the harmonic impedance of the system reaches the maximum.
Analysis of Harmonic Current Amplification in Distribution Cable
In the power system, such as rectifier equipment, electric arc furnace harmonic sources can be equivalent to the constant current source, that is, when the external harmonic impedance changes, the harmonic current in the input network can be assumed to be constant. When inductive loads (such as asynchronous motor) are powered by cables, there are harmonic sources near (As shown in Figure 4 ), considering the capacitive impedance of the cable, the current into cable leakage capacitance and inductive load will change with the number of harmonics [10] . Fig. 4 Cable power supply system diagram Draw the equivalent circuit diagram of Figure 4 as shown in Figure 5 , Among them, s X and s R are the fundamental equivalent reactance and equivalent resistance of the system side, l X and l R are the fundamental equivalent reactance and equivalent resistance of the load side, n I is n harmonic current output by harmonic source, n l I is the current into the electrical equipment, n C I is the leakage capacitance current. 
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When the harmonic current frequency of the inductor and capacitor branches satisfies the resonant condition of inductance and capacitance, that is 1 0 l C nX X n   , the harmonic current value of the two branch of harmonic current will greatly exceed injected harmonic current n I , that is, the phenomenon of harmonic current amplification will occur [11, 12] .
The following are the definitions of the harmonic current amplification factor of the cable leakage capacitor branch and inductance branch, respectively, c  and l  :
For a 10kV distribution network, the system impedance is 0.99Ω, the impedance of the induction motor fed by a power cable of length L is +jX (2.2 3.768
considering that the resistance in the system impedance is much smaller than that of the reactance, which can be ignored, that is S
The formula (8) and formula (9) can be calculated: 
Analysis Based on MATLAB, take harmonic number n from fundamental to the 50 harmonic, distribution cable length varies from 10km to 60km, and the simulation results are as follows: Fig. 7 Variation curve of current amplification factor By analyzing the simulation results, the maximum value of the amplification factor is at the resonance point, i.e.
1 0
 ,in the case of cable length determination, the cable leakage capacitance can be determined, resonance frequency can be obtained,
, at this time, the leakage current in the capacitor will be several dozen times higher than that of the original harmonic current, the voltage at the two ends of the leakage capacitor will reach the maximum value, due to the resonance frequency is relatively high, the harmonic voltage will be very large. If the distribution cable is in a state of harmonic current amplification for a long time, it will lead to the cable temperature rise, and even cause a fire, at the same time, because of the increase of the impedance of the system caused by harmonics, the harmonic current will lead to the increase of the line loss, reduce the energy efficiency of the network, and accelerate the aging of the cable insulation.
Summary
In this paper, based on the basic theory of circuit theory, the unit equivalent circuit of distribution cable is established based on the method of unit equivalent circuit modeling of overhead transmission lines, based on the calculation of the four main electrical parameters of the cable line, the unit length resistance, inductance, capacitance and conductance, the harmonic impedance model of the distribution cable is established. Through the comparison and analysis of the four main electrical parameters, it is concluded that the main characteristics of the distribution cable are the capacitive impedance and the leakage capacitance of the cable. The harmonic current amplification mechanism of distribution cable is analyzed, that is to say, when the leakage capacitance of the cable and the system impedance occur parallel resonance in a certain harmonic current, harmonic current amplification occurs, the analysis of harmonic current amplification mechanism and the harmonic impedance model of distribution cable is of some guiding significance to avoid the resonance of the cable line.
